Background: Back pain and related disability seem to be increasing among older adults. Health-related fitness tests have been developed to identify individuals at risk for mobility difficulties. However, poor fitness as a risk factor for back problems has seldom been studied. The purpose of the current study was to investigate whether performance in fitness tests predicts back pain and related disability during 6 years of follow-up. Methods: Study population consisted of community-dwelling men and women, born 1927 to 1941, who participated in assessment of health-related fitness and reported no long-term back pain or related disability at baseline (n = 517). The assessment included measurements of body mass index (BMI), one-leg stand, backward tandem walk, trunk side-bending, dynamic back extension, forward squat, 6.1-m walking speed and 1-km walk time. Results: Prospective analyses indicated that poor fitness (poorest-third) in one-leg stand and trunk side-bending tests were the most powerful predictors of back pain. Regarding disability, poor fitness in dynamic back extension and overweight in terms of BMI ≥ 27 increased the risk. Conclusions: Tests of balance, trunk flexibility and trunk muscle endurance, as well as BMI can be implemented as screening tools for identifying persons with increased risk of back pain and related disability.
Low back pain (LBP) and low back disability are major causes for work absence, disability pensions and early retirement. [1] [2] [3] Physical capacity in terms of musculoskeletal fitness seems to be associated with back pain and functional limitations among middle-age adults. 4 Cardiorespiratory fitness in turn has shown weaker associations. 4 Former population studies regarding physical fitness factors as predictors of LBP report contradictory results or there is lack of sufficient evidence, 9 data on LBP related functional limitations or disability seems even more sparse.
Poor static endurance strength of back extensor muscles [5] [6] [7] and poor standing balance 8 seems to be predictive of back pain. Several studies have reported absence of back pain-related predictive validity for several fitness items: trunk lifting strength tests, 6, 9 dynamic trunk muscle endurance tests, 7,9-11 trunk mobility tests (rotation, extension, lateral flexion), 9 and lumbar flexion, 5, 6, 10 as well as for sitting balance. 5 Additionally, inconclusive evidence has been reported for predictive value of poor arch-up and repeated squat test performance for back pain. 7 During the past 20 years, back-related problems have increased among older adults. 12 Among them mobility limitations often appear as the first sign of deteriorated functional ability. Back pain may reinforce these adverse effects of age-related changes in muscle mass, strength and balance. 13 Assessment of health-related fitness (HRF) has been used in identifying older adults who are at increased risk of mobility difficulties. 14, 15 However, HRF measurements as potential predictors of back pain and related disability have not been studied among this group. Thus, the purpose of the current study was to identify whether HRF tests are valid also in predicting self-reported back pain and back pain-related disability among high-functioning older adults. The general hypothesis was that low fitness is a risk factor for back pain and related disability. Furthermore, fitness was expected to be an independent risk factor for disability against pain.
Methods

Participants
The study forms a part of the Kainuu Study on Living Habits and Health. A systematic and regionally representative sample of community-dwelling residents between the ages of 19 and 63 years was drawn from the 1979 census data of a medium-sized industrial town and 2 rural municipalities in north-east Finland. 16 The initial sample included 6787 men and women, 5259 (77.5%) of whom answered the baseline questionnaire in 1980. The cohort was followed-up by postal questionnaires in 1981, 1985, 1990, 1996, and 2002 . In 1996 respondents born between 1927 and 1941 (participants age 55 to 69 years) were invited to assessment of HRF in their home municipalities (n = 1083). Eighty-three percent of those invited participated in the HRF assessment in 1996 (n = 895). Fifty-eight percent (n = 519) of them were free of long-term back pain (BP) and 64% (n = 570) were free of related disability (BD). Over the 6-year followup period, 128 persons were lost to follow-up, because they could not be contacted (n = 63), refused to respond to the follow-up questionnaire (n = 59) or had severe health restrictions (n = 6). The sample of the current study included 517 persons who responded to follow-up questionnaire (Table 1) .
Procedures
Postal questionnaires were sent to cohort members in both 1996 and 2002, and respondents' readiness to participate in HRF assessment in 1996 was prescreened on the basis of their answers. Exclusion criteria were "living in an institution" or "having severe difficulties or inability to walk independently outdoors and up and down stairs." Each participant signed a statement of informed consent before participation. The study was approved by the ethics committee of the UKK Institute for Health Promotion Research in 1995 and by the Ethical Committee of Pirkanmaa Hospital District in 2002.
Assessment of Health-Related Fitness. Assessment of HRF was conducted by the proposed battery of HRF tests targeted at high-functioning older adults. 14, 15, [17] [18] [19] The battery includes measurements of all main components of HRF, which provides applicability in physical activity counseling. The individual test results can be used in targeting physical exercise at those components of HRF that need to be improved for maintaining and improving mobility and back function.
The current study included 7 HRF test items: 6.1-m (20-ft) walk, 20, 21 backward walk, 22 one-leg stand, 23 trunk side-bending, 23 forward squat with alternating leg, 17, 23 dynamic back extension, 24 and 1-km walk. 17, 25 In addition, body weight and height were measured to calculate body mass index (BMI). The tests were selected from a former battery of HRF tests for middle-age adults. 4 In a cross-sectional study, 17 the tests were modified to be feasible for older adults, and showed health-related content validity among the current study population.
A team of 6 trained health and fitness professionals, all of whom had a degree in sport or health sciences, screened and tested the participants individually at a local gymnasium in each of the 3 target municipalities in 1996. Using the selected information from the questionnaires and health screening, the testers applied a systematic safety procedure, to exclude noneligible participants from selected tests. 17, 26 The time needed for one person to complete the whole test battery, including pretesting health screening, was about 60 minutes.
Assessment of Self-Reported Back Problems. Assessment of BP and BD was based on similar questionnaire information in 1996 and 2002. To assess BP, participants were asked to report whether they had had any longterm or repetitive back pain. The response alternatives were 1= yes and 2 = no. Only participants who did not report any pain in 1996 (response alternative 2) were included in the study. To define BD, participants were asked to report on how many days altogether during the past 12 months low back pain had impaired they daily activities or disturbed night sleep. 27 The response alternatives were 1 = no such pain at all, 2 = on 1-7 days, 3 = on 8-30 days, 4 = over 30 days, but not daily, 5 = daily or nearly daily. Participants reporting BD at least on 8 days (response alternatives 3-5) were regarded as having BD. The responses to the 2002 questionnaire were the outcome variables.
Statistical Analysis
General characteristics of the study sample at baseline were analyzed by cross-tabulations and chi-square test of independence. Analysis of covariance adjusted for gender and age was used to analyze baseline differences in HRF test performance between participants who reported BP and BD at follow-up and participants who did not.
Predictive value of HRF tests for back pain and function was studied by binary logistic regression analyses. For the analyses HRF test results were categorized into 3 fitness categories based on the gender and age group specific thirds of the test scores. The best-performing third of the participants in each test was given score 2, the middle-third was given score 1, and the poorest-third was scored as 0. BMI was calculated by dividing weight in kilograms by the square of height in meters. For the analyses BMI was categorized into 2 groups: BMI lower than 27 kg/m 2 was regarded as normal for older adults and BMI equal to or over 27 kg/m 2 was regarded as overweight. All analyses were performed separately for BP and BD. First the predictive value of each test item was investigated by separate models. Then all the variables having statistically significant effect on the separate models were included as predictors in one single model. The variables were removed until only the significant predictors (P < .05) were left. Age, gender, marital status, vocational education, smoking and level of physical activity were included as potential confounders in all models. To analyze the independent predictive value of HRF for BD against pain induced BD the analyses were additionally adjusted for BP. Possible interaction between age and gender was also taken into consideration. All analyses were conducted with SPSS software, version 17.0 (SPSS Inc, Chicago, IL).
Results
At baseline (1996) participants who were free of back problems had higher education and were physically more active than those who reported BP or BD. Only the participants who did not report pain or related disability were included into the current study. Table 1 presents general characteristics of the study population. The participants who answered to follow-up questionnaire in 2002 were more likely to be married and physically active and less likely to have vocational education and smoke than the nonrespondents.
The BP question on the follow-up questionnaire was answered by 392 individuals and the BD question by 412 persons. Thus, the occurrence of BP was 19% (n = 74) and that of BD was 18% (n = 76). Among those 74 persons who reported pain at follow-up, 41 also reported disability. Correspondingly, 50 persons of those 76 who reported BD also had BP. There were no statistically significant differences between genders. Baseline BP was a strong predictor of disability occurrence at follow-up (OR = 4.72, 95% CI 2.61-8.56).
In the analysis of covariance participants who reported BP at follow-up, the one-leg stand, trunk sidebending, dynamic back extension, and 1-km walk tests at baseline were performed more poorly than those who did not report pain (Table 2) . Correspondingly, those who reported BD at follow-up had poorer baseline performance in trunk side-bending, forward squat, dynamic back extension, and 1-km walk tests than those who maintained their back function. In addition, the persons reporting BD had higher BMI at baseline than those who remained free of disability ( Table 3) .
The single-test item logistic regression analysis revealed that poor performance (poorest-third) in trunk side-bending, dynamic back extension, one-leg stand, Vigorous activity 1x week and some light activity 30 18 Light activity weekly 37 58
No regular weekly activity 1 3 <0.001 and 1-km walk increased the risk of BP when potential confounding factors were adjusted for (Table 4) . When all these single predictors were included into same model, only poor performance in one-leg stand and trunk sidebending remained statistically significant. Further adjustment for BMI did not change the results.
Regarding back pain-related disability, single-test item analyses showed that both poor and average performance (poorest-third and middle-third) in dynamic back extension and overweight in terms of BMI ≥ 27 kg/m 2 increased the risk even when baseline BP was controlled for (Table 5 ). Predictive power of poor performance in Note. All models adjusted for age, sex, vocational education, marital status, smoking, physical activity, and long-term or repetitive back pain.
Abbreviations: OR, odds ratio; CI, confidence interval.
1-km walk and in forward squat was slightly over the level of statistical significance (P < .05). In multivariable model (forward selection), poor performance in the back extension test and overweight remained independent predictors of disability.
Discussion
Former prospective studies have strongly indicated that poor balance, slow walking speed, and poor lower extremity muscle strength are important risk factors for mobility difficulties among elderly persons, which is a crucial factor for their independent living. 14, 28 To our knowledge this is the first population study that has analyzed predictive value of fitness tests for back problems among older adults. In summary, the present findings showed that poor trunk side-bending flexibility and poor standing balance were the strongest predictors of long-term or repetitive BP among high-functioning older adults. Back pain seems to be a stronger predictor of pain-related disability than indicators of fitness. Regarding fitness tests, poor performance in dynamic back extension and overweight in terms of high (≥27) BMI were independent predictors of disability.
Motor Fitness
In our study, static balance in one-leg standing was the strongest predictor of back pain (Table 4) ; however, dynamic balance (backward walk) showed no predictive validity. We were able to find only 2 former prospective population studies. Our finding on static balance is in line with former results on increased sway in the force platform among workers with pain 8 ; however, results on sitting balance were negative for predictive association with low-back pain (LBP). 5 Cross-sectional studies have clearly indicated that patients with LBP have decreased balance ability compared with healthy individuals. 29, 30 Accordingly, new theories of pain induced movement dysfunction 31 underline the importance of motor control training in early phases of rehabilitation to avoid chronic LBP. 32, 33 In elderly persons balance disturbances may also increase the risk of falls. Thus further studies among older adults as well as working-age populations are needed to confirm the sparse findings on the role of balance as a risk factor for incidence and recurrence of LBP. Although poor balance seems to be a risk factor for BP, neither of the balance tests predicted back pain-related disability. Differences in the predictors between BP and BD may indicate that these are different phenomenon, which are affected by different fitness factors.
Musculoskeletal Fitness
Trunk side-bending was another strong predictor of BP in the current study. Among younger individuals, Adams et al 34 reported that limited lateral trunk flexion predicts BP. Contrary to these findings, the systematic review by Hamberg-van Reenen et al 9 reported absence of evidence for relation between lateral bending and LBP. Several former studies 5, 6, 10 have also reported absence of predictive validity of lumbar flexion measures for LBP. The discrepancy of present findings may partly be due to the age difference in study populations. The participants of the current study were older than those in earlier studies and were likely to have more degenerative changes in their spinal structures as well as age-related increase in stiffness of connective tissues. Our former study among the current study population showed that side-bending flexibility decreased during 6 years of follow-up, especially in the older age groups. 18 Thus, among older adults reduced lateral flexibility may be an important risk factor for BP, even though the findings on younger adults are mainly negative.
In the current study, side-bending showed no predictive association with BD. Biomechanically trunk lateral bending is associated with spinal rotation (ie, coupled motion); the amount varies in different postures and segmental levels. 35, 36 During walking, a higher frequency rotation of the trunk is required at higher walking speeds. 37 In a former prospective study among the current study population, poor trunk side-bending flexibility predicted occurrence of self-reported walking difficulties; however, the association was weaker than that of slow speed in the 1-km walking test. 14 Dynamic back extension endurance test was a strong predictor of BD along with BMI (Table 5 ) and also showed predictive validity for back pain in singletest analyses (Table 4) . Participants in the poorest-and middle-third had increased risk for BD when compared with the best-third (Table 5 )-the association being stepwise in nature. The test also remained a significant predictor of BD in multiple-test analysis. In the review by Hamberg-van Reenen et al, 9 the findings on static back extension endurance were inconclusive and there was an absence of relation with different types of dynamic trunk tests and LBP. 9, 11 Two recent population studies reported that participants with a low 6 or low-to-mediate 5 level of static back muscular endurance appeared to have a higher risk for back pain when compared with high fit persons. High endurance capacity of trunk muscles is thought to decrease the loss of motor control due to fatigue in repeated submaximal trunk motions. 38 Recently, a laboratory test for patients with chronic LBP which assesses electromyographic indices of fatigue from intermittent isometric muscular contractions was developed. 39 It seems that regardless of the type of muscular work, high endurance capacity of back extension muscles may prevent back injury and pain in situations were muscular fatigue has importance.
Lower extremity strength as measured with the forward squat test showed no predictive validity for occurrence of BP. Poor performance in the test seemed to increase the risk of BD in single-test analysis. The predictive value was only slightly over the level of statistical significance ( Table 5 ). The importance of leg strength for back functioning in tasks of lifting and carrying loads has been discussed for decades. There is growing evidence that preserving normal low back curve while squatting down by using leg muscles, and avoiding full lumbar flexion provide protection from ligament injury and posterior disk herniation. [40] [41] [42] [43] 
Cardiorespiratory Fitness
In the single-test analysis of the current study, 1-km walking time as an indicator of cardiorespiratory fitness was predictive of BP. However, in the multiple-test analysis, indicators of musculoskeletal fitness were more powerful predictors of pain. Regarding BD, poor performance in 1-km walk seemed to increase the risk, but the association was slightly over the level of statistical significance. The association would have been stronger if baseline BP was not taken into consideration. Pain seems to be a stronger predictor of disability than performance in 1-km walk. Long-distance walking time has been reported to be a strong predictor of mobility function among older adults. 19 Walking is a principal part of physical functioning, but it may not be sensitive enough to identify possible changes in back health among high-functioning older adults.
Body Composition
The current study showed that high BMI was associated with BD, even after adjustment for pain. There are no previous studies reporting association between body composition and BD. High BMI has been reported to predict mobility difficulties among older adults. 19, 44 In the current study, back pain-related disability was not specified but is likely to include mobility difficulties among this high functioning population group of older adults. Concerning overweight and back pain, Kujala et al 11 reported no association between BMI and pain; however, taller persons seemed to report more pain than shorter persons.
Limitations and Strengths of the Study
The main limitations of this study relate to the representativeness of the study cohort, which reduces the generalization of the results. Those who in 1996 reported severe difficulty in moving outdoors and on stairs (10% of respondents), or did not participate in HRF assessment (19.8%), were excluded from the study. The response rate of the 2002 questionnaire was lower than that at baseline, and those who were lost to follow-up had lower fitness level at baseline than those who remained in the study. Thus, there was a selective loss of participants with low fitness level which was likely to reduce the power to detect significant associations between fitness and back problems. Another limitation of the study is that simple self-ratings of back health were used. The other alternatives would have been clinical examination or use of disease-specific questionnaires on back problems. However, due to marked human resources and time requirements of these alternatives, they were not considered feasible for the current study. The use of self-ratings, which are quite rough indicators of back health, may have lead to relatively small mean differences in fitness test results between the groups (Tables 2 and  3 ). These differences should be interpreted with caution because there is also a chance for measurement error in field-based fitness assessment.
The strength of the study was a long follow-up time with a fairly large population sample. In addition, the fitness battery consisted of test items measuring several components and factors of HRF.
Conclusions
The onset and course of back pain and related disability is a dynamic process with numerous additional intervening factors affecting the process. Thus, it may be difficult to indicate risk of pain and disability with single measurements of fitness. 8 Based on the findings of the current study, the tests of balance and trunk flexibility are the most powerful predictors of BP. Pain seems to be a stronger predictor of pain-related disability than indicators of fitness. In addition to pain assessment, muscle endurance measured with dynamic back extension test and BMI can be used as screening tools for identifying individuals with increased risk of back pain-related disability. Maintenance and improvement of these fitness factors are important, especially for older adults who are more prone to functional impairments and falls than middle-age persons. Due to lack of research among older adults and inconclusive evidence reported for younger persons, new prospective population studies analyzing the predictive validity of fitness tests for back pain and especially for pain-related disability are warranted in the future.
